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1

Scope

and field

of application

upon such factors as channel characteristics, and economic considerations of the data communication system. 1.3 This tnternational Standard is of particular importance when the transmitting or receiving equipment are furnished by different oganizations. It does not attempt to indicate what action, if any, is to be taken if the limits are not met, but it is intended to provide a basis for agreement between parties involved. This International Standard does not describe the signal quality of the DCE or the line associated with it. Neither does it describe any requirement for an acceptable bit error rate.

1.1 This lnterhational Standard provides a guide for signal quality requirements for serial data transmission at the interface between start-stop transmission Data Terminal Equipment IDTEI and Data Circuit-terminating Equipment (DCE). The interface referred to in this International Standard conforms to CCllT Recommendations V.24 (telephone networks), X.24 (data networks) and the transmitting/receiving equipment to CClTT Recommendations V.21, V.22, V.22 bis, V.23~V.26 ter, X.20, X.20 bis together with V.28, or X.20 together'with X.26 (= V.101 and/or X.27 (= V.ll). The signal quality requirement is limited to start-stop transmission at the interface with asynchronous DCEs or synchronous DCEs such as CCITT type V.22. Signal quality pertaining to synchronous DTEs is not part of this international Standard.

1.4

2

References
Vocabulary Part 09 Data

IS0 23B2/9. Data processing communication. This International Standard recognizes the need to have a number of different performance categories of signal quality depending on the type of timing used. Two types of timing are distinguished, electronic timing and mechanical timing, and the appropriate characteristics areindicated in the table. Four signal quality categories are defined for transmitting DTEs. The categories I and II have been chosen to cover equipment using all electronic signal generation. Category II is for the attachment of start-stop transmitting DTEs to .synchronous DCEs. Categories Pl and P2 are provided for DTEs using mechanical timing. Complementary categories for receiving DTEs are shown under the headings A, B, PA and PB. The signal quality characteristics apply to data circuits regardless of whether or not multiplexing equipment is included. They do not~apply to tandem data circuits where ng signal regeneration is provided between interconnected sections.

1.2

CCITT Definitions, Green Book, Vol. VIII. 1972. CCITT V and Vol. VIII, 1981. X-series ; recommendations, Yellow Book,

CClTT Recommendation V.30, Electrical characteristics for unbalanced double-current interchange circuits for general use with integrated circuit equipment in the field of data communications. CCITT Recommendatian V..11, Electrical characteristics for balanced double-current interchange circuits for general use with integrated circuit equipment in the field of data communications. CCllT Recommendation V.21, 3W bits per second duplex modem standardized for use in the general switched Mephone network. CCITT -Recommendation V.22, I ZiW bits per second duplex modem standardized for use orvthe general switched telephone network and on leased circuits.

.
A number of signal quality categories, therefore, are defined for transmitting equipment and for receiving equipment, the intehtion being that any receiving equipment may operate with any transmitting equipment, the actual selection being dependent

a
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CCITT modem to-point CCITT

Recommendation

V.22 bis, 2 400 bits per second duplex division technique telephone circuits. 200 baud modem telephone Stanstandardized for network and on point-

'

3.4

start-stop

transmission such

(see that

IS0

2382/g): group of

Asynsignals

using the frequency switched 2-wire

chronous representing followed 3 5

transtiission a character by a stop signal.

each

use on the general

is preceded

by a start signal and is

leased telephone-type V.23, 600/l

Recommendation

.

continuous

start-stop transmission follow keyboard

operation

: Method

of opera(for

dardized CCll7 change

for use in the general switched Recommendation circuits between V.24, data

network. for interand data

tion in start-stop example, compared

in which the signals representing one another operation). contiguously paper tape as

a series of characters List of definitions terminal equipment in sending to manual

steadily from a perforated

circuit- terminating CCITT modem to-point CCIT

equipment. V.26 ter, 2 4LN telephone

Recommendation

bits per second duplex
standardized for network and on pofnt-

3.6

signal

element

(ITU

52.04llJ

: Each of the parts confrom the and relative position

using the echo cancellation 2-wire

technique

stituting

a telegraph

or data signal and distinguished magnitude, duration only).

use on the general switched

others by its nature,

leased telephone- type circuits. V.26, Electrical characteristics circuits. between data termmal (DCEl for un-

(or by one or some of these features

Recommendation double-current

3.7

unit

interval

(UI)

(ITU

31.26)

: In a system using an
modulaof durations

balanced CCITT

interchange

equal length code, or in a system using an isochronous tion, the interval of time such that the theoretical the significant intervals of a telegraph modulation

Recommendation transmission

X.20, Interface

(or restitu-

equipment

(DTEI and data circuit-terminating

equipment

tion) are whole multiples

of this interval.

for start-stop CCITT between terminating

services on public data networks. X.20 bis, V.ZI-compatible IDTEI and data interface circuitser3.9 List of definitions terminal equipment on oublic (DCEl for interIDTE) and Example baud (ITU 31.28)

Recommendation data terminal equipment

3.8

modulation

rate (ITU 31.27) in seconds.

: Reciprocal bf the unit in
in baud.

equipment lDCEl

terval measured

This rate is expressed

for-start-stop

transmission

vices on public data networks. CCITT change works. Recommendation circuits between X.24, data

: The unit of modulation

rate.

It cor-

responds

to a rate of one unit interval per second.

:
of the unit is 20 ms, the modulation rate is

data circuit-terminatmg

equipment

data netIf the duration 50 baud.

3.10 3 Definitions
of this International Standard, the following

character

interval:

The

duration

of a character

ex-

pressed as the total number of unit intervals (including information and parity check) plus the start and stop signals.

For the purpose definitions apply

:
timing

3.11 : A signal which serves to determine
and to achieve synchronization or delay line.

start

signal

(see IS0

238219:

In start-stop

transmis-

sion, a signal at the beginning 3.1 electronic receiving the duration of signal elements

of a character

that prepares the

device for the reception

of the code elements.

within a transmission

system; it is derived from a suitable eiec-

tronic circuit such as an oscillator

NOTE - A start signal is limlted to one signal element generally having the duration of a unit interval.

3.2
within

mechanical

timing

: A signal which serves to determine
and toachieve it is generally synchronization derived from the used

3.12

start

transition:

In a character

transmitted

in a startof

the duration

of signal elements system;

stop system,

the mark-to-space

transition

at the beginning

a transmission

the start signal. NOTE For mark, space, see ITU 31.37.

angular velocity of an electric motor (power line frequency as timing source is also included in this category).

3.3
each signal

start-stop signal which

system

: Data transmission
a character the receiving

system in which by a start for the the device

3.13

stop

signal

(see IS0

2382/9):

In start-stop

transmis-

representing serves

is preceded

sion, a signal at the end of a character ing device for the reception

that prepares the receivcharacter.

to prepare

of a subsequent

reception receiving

of a character

signal and registration

of a character, start signal. NOTE - A stopsignal is usually limited to one signal element having any duration equal to or greater than a specified minimum value.

and is followed

by a stop signal which

serves to prepare

device for the reception

of a subsequent

11

ITU -

lnternatlonal Telecommunication Union.
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3.14

degree of start-stop

distortion

(ITU 33.09) : .,

11) Ratio to the unit interval of the maximum measured
difference, irrespective of sign, between the actual and theoretical intervals separating any significant instant of modulation (or of restitution) from the significant instant of the start element immediately preceding it. (2) The highest absolute value of individual distortion affecting the significant instants of a start-stop modulation. The degree of distortion of a start-stop modulation (or restitution) is usually expressed as a percentage. NOTES
1 The result of the measurementshould be completed by an indication of the period, usually limited, of the observation. 2 Distinction can be made between the degree of late lor positive) distortion and the degree of early lor negative) distortion. 3 The theoretical intervals are related to the mean actual incoming modulation rate anti not necessarily to the nominal modulation rate.

margin (ITU 34.09) : Margin 3.17.1 synchronous represented by the degree of distortion for the margin indicated in ITU 34.03, margin, when the mean unit interval of the modulation applied to the apparatus is equal to that which would result from a transmission from the apparatus under examination, assuming it to include a transmitter as well as a receiver. 3.17.2 net margin (ITU 34.031, 52.66) : Margin represented by the degree of distortion indicated in ITU 34.03, margin, when the rate of modulation applied to-the apparatus is exactly equal to the standard theoretical rate. 3.17.3 practical margin : Net margin whereby~no signal element duration is less than a specified value.

3.18

asynchronous DCE : The DCE is considered to be asynchronous if signal element timing interchange circuits are not required at either the transmitting equipment or the receiving equipment.

3.15

degree of gross start-stop distortion (ITU 33.09, 52.64) : Degree of distortion determined when the unit interval
theoretical intervals assumed are exactly those apto the nominal modulation rate.

4

Speed

characteristics

and the propriate

The nominal value of the modulation rate and the character interval are application dependent and therefore not part of this International Standard.

NOTE - The result of the measurement should be completed by an indlcation of the period, usually limited, of the observation. For a prolonged modulation for restitution) It will be appropriate to constder the probability that an assigned value of the degree of distortion will be exceeded. In accordance with definition ITU 31.23. theoretical duration of a significant interval, in practical measurements the unit interval and the theoretical significant intervals considered are those corrkponding to the actual average rate of modulation.

5

Signal

quality

from

the transmitting

DTE

Start-stop transmitting DTEs should operate within the specified system quality category as shown in the table. The alphabetical designations in the following clauses refer to the values specified in the same table.

5.1
`3.16 degree of synchronous start-stop distortion (ITU 33.10, 52.65) : Degree of distortion determined when the unit interval and the theoretical intervals assumed are those appropriate to the actual mean rate of modulation (or of restitution).
NOTES 1

Distortion

of the transmitting

DTE

The signal provided by the transmitting DTE on CCITT circuit 103 W.24). or circuit T (X.24), should have a degree of synchronous start-stop distortion not greater than N % and a degree of gross Stan-stop_distortion not greater than P %, prDvided that no signal elemeht has a duration of less than Q % of the unit interval.

As for ITU 33.09 and 52.64.

2 The degree of distortion is the time disolacement of the transitions
between signal states from their ideal instants.

5.2

Character

interval

3.17

margin (ITU 34.03) : Maximum degree of distortion compatible with a correct translation when the signals are presented to a receiver under the most unfavourable conditions so far as the composition of the signals and of the distortion is concerned. The maximum degree of distortion which results in incorrect translation applies without reference to the form of distortion affecting thesignals. In other words it is the maximum value of the most unfavourable distortion causing incorrect translation which determines the value of the margin.

In continuous start-stop operation the signals on CCllT circuit 103, or circuit T, may have a minimum average character interval which is shorter than the nominal character interval and an occasional character having a still shorter duration called the minimum character interval according to the following requirements. 5.2.1 Minimum
average character interval

The interval between successive start transitions on CCITT circuit 103, or circuit T, averaged over S consecutive characters should be not less than the nominal character interval reduced by R % of the unit interval.

5
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52.2

Minimum

character

interval on CCllT cir-

6.3

Minimum

duration

start element
the receiving DTE is not required on CCIn

Tne interval between cuit 103, or circuit interval cnaracter

successive start transitions T should not be less than

In a start-stop

transmission,

the nominal

to start reception

of a character on a soace condition

reduced

by ?: % of the unit interval.

circuit 104, or circuit R, which has a ouration of less than Z % of the unit interval.

6.3

-Modulation

rate accuracy
the actual average modulation rate of modulation rate should not ex-

The difference ceed M % .

between

7

Measurements

at the
on

interchange
interchange

point
circuits should on V.11

of the signal and the nominal

Measurements meet CCllT one out whether

of distortion of three interface

sets of requirements characteristics or V.10 V.28

depending X.26) or

the electrical

comply with the

recommendation

(=

(= X.27). 6 Margin of receiving
should

DTE
within the specified signal NOTE - The following subclauses define for rhe distortion measurement the necessary test loads which are not at present specified i? CCITT recommendations V.10 and V. 11 .l

Receiving

DTEs

operate

ouality category

as shown in the table.

6.1

Margin

of the receiver
transmission, the receiving DTE is expected to

7.1 Measurement characteristics
7.1.7 Use of standard measurement

of the V.26 generator

In start-stop rical margin Interval. A suitable repeated roneous.

nave a synchronous signal element

margin of U O/bwhen specified and a practo respond to any of less than K' % of the unit

test

load

of c' %, and is not expected having a duration

Distortion

should be maae on the particular interside while the circuit test test road. This standard

change circuit of interest at the generator is terminated set of characters testing. should be taken for continuously to determine becomes erof test characters Also means should be provided the translation an external with the standard load may be the input impedance

of tne test device or may be specification.

device but in al! cases the total load on the inter-

tne point when

change circuit should meet the followng

7.1.2

Specification~of

the standard

test

load

6.2

Character

interval
operation character the receiving. DTE 104, or circuit interval which should

The standard shunted

test load should

consts? of 3 Ooo R resistance and should be connected circuit

In continuous rospond

start-stop average

by 2 500 pF capacitance

to signals on CCITT

circuit

R, which is shorter character in-

from the signal interchange of figure 1.

circuit under test to CCllT

nave a minimum

102 or circuit Ga or circuit Gb as shown in the test arrangement

tnan the nominal character terval, according

interval and an occasio& requirements.

naving a still shorter duration called the minimum to the following

character

7.1.3

Distortion

of the transmitting should'be

DTE made using a +3,0 the occurrence V

6.2.1

Minimum

average

character

interval

The distortion

measurement

The receiving

DTE should be prepared to respond to successive on CCITT circuit 104, or circuit R, which follow by a character which interval, averaged the characters, interval reduced is not less than

and a - 3,0 V threshold transitions. A mark-to-space stant VI, crosses

to determine

of signal

start transitions over

tneir previous start transitions S consecutive nominal character

transition

should be taken to occur at the in-

+3 V on a positive going transition. transition should be taken to occur at the in-

by X % of the unit interval.

A space-to-mark stant V,G crosses

- 3 V on a negative going transition.

6.2.2 When

Minimum

character

interval DTE should be circuit 104, 7.2.1 Measurements of margin on the load side of the interof figure 2 and specification. the nominal face should be ma&e using the test arrangement should -meet the following of the preceding

the above average is met, the receiving to respond to a start transition by an interval which

7.2

Measurement

on the V.28 load side

prepared character character

on CCITT

or circuit R, which follows the start transition

is not less than

interval reduced by Y % of the unit interval.

1i

These subclauses wili be reviewed when test loads are speeified in recommendations V. 10 and V. 11

6
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interchange circuit under teat

r ------e-----m

Generator under test

Equivalent circuit of standard test load (including test equipment)

CCITT circuit 102 (or Ga)

Figure

1 -

Test

arrangement

for V-20

generators

Interchange circuit under test

Load under test

CClll

circuit 102 (or Gbl

Figure

2 -

Test

arrangement

for V.28

loads

7
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7.22

Margin

of receiving

DTE

: The measurement

of the

7.4.2 working

Margin

of receiving be made

DTE:

The measurement The transitions

of the

margin should be made using a signal I/,, of +- 50 V when working into the load under test. The transitions of the test signal should be deviated from their ideal instants in such a way as to measure the margin (see 6.1 the f 3,0 V thresholds. transition should be taken to occur at the in-

margin should

using a signal Vtc of rt 4.0 V when of the test of the transi-

into the ioad under test.

signal should be deviated from their ideal instants in such a way as to measure the margin (see 6.1). The deviations the thresholds (see 7.3.3). tions in time should be taken to occur when the signal crosses

I. The~deviations

of the tran-

sition in time should be taken to occur when the signal crosses

A mark-to-space stant V,,

crosses + 3,0 V on a positive going transition. transition should be taken to occur at the

7.5 Measurement characteristics
7.51

of the V.ll

generator

A space-to-mark instant

VIL crosses

- 3.0 V on a negative

going transition. Use of standard test load
measurement should be made on the particular interside while the circuit test load

7.3

Measurement

of the V.10 generator

Distortion

characteristics

change circuit of interest at the generator is terminated may be the input impedance

with a standard test load. This standard

of the test device or may be an exspecification.

7.3.1

Use of standard
measurement

test

load

ternal device but in all cases the total load on the interchange circuit should meet the following

Distortion

should be made on the particular interwhile the circuit test load 7.5.2 Specification of the standard test load and of test load. This standard

change circuit of interest at the generator~side is terminated with a standard may be the input impedance

of the test device or may be an exThe standard generator figure 5. test load should consist of 100 R resistance between test as shown in the test arrangement specification. should be connected under the output points A and B of the

ternal device but in all .cases the total load on the interchange circuit should meet the following

7.3.2 The

Specification standard test

of the load

standard consist under

test

load 7.5.3 Distortion of the transmitting DTE

should C, circuit

of 450 Q resistance be connected to signal from common

shunted

by a capacitance interchange

and should test

the signal

The distortion in the range

measurement

should be made using thresholds the occurrence of srgnal tran-

return as shown in the test arrangement of C,,,, depends on the data signalling included value given in the table annexed value of any capacitance shaping.

of figure 3. The value rate and should be the by the for wave

? 0.3 V to determine

sitions. A threshold

at nominal 0 V is preferred.

to figure 3 but reduced in the generator

7.6
7.6.1

Measurement
Measurements

on the V.ll
of margin

load side

7.3.3

Distortion

of the

transmitting

DTE

on the load side of the interof figure 6 and

face should be made using the test arrangement The distortion in the range sitions. measurement should be made using thresholds the occurrence 0 V is preferred. of signal tran7.6.2 should meet the following specification. + 0.3 V to determine at nominal

A threshold

Margin

of receiving DTE : See 7.4.2 and figure 6.

7.4
7.4.1

Measurement
Measurements

on the V.10

load side

7.7

Accuracy

of measuring
Standard loads

equipment
of

of margin on the load side of the interof figure 4 and specification.

This International the standard test measuring

does not specify the tolerances or the accuracy of the

face should be made using the test arrangement should meet the following

distortion

equipment

or test signal generator.
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. Interchange circuit under test A 1 r ---_____ -__--,

Y 8 s .z I 13

I I I I "

I
Generator under test

I f

0, $ = 9 " C

;i; s

1 =:rtw I I 6 c5 ?I I I L_____________1

450R

1.1

I standard test load I I

Equivalent circuit of

(including test equipment)

Signal common return

(IIF)

=w

I

Data signelling rate (kbit/s) 0 2.5 5,0 IO,0 25,o 50,o to 2,5 to 5.0 to 10,O to 25.0 to 50,o to 100.0

1.000 0,470 0,220 0,100 0,047 0.022

Figure

3 -

Test arrangement

for V.10 generators

and values of C,

Interchange circuit under test

A

I
Test signal generator

1

;

Load under test

Signal common return

Figure 4 -

Test arrangement for V.10 loads

9
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l

I
Generator under test

I
I

I
/
-

IOOR
_'

1 Equivalent circuit bf
1standard test load 1(including test equipment) I I I

I

t I L_____-______1

Figure 5 -

Test arrangement

for V.ll

generators

1
Test signal generator Load under test

Figure 6 -

Test arrangement

for V.ll

loads

90
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Table -

Signal quality characteristics1)
Signal quality category

DTE

Clause 5.1 5.1 5.1 5.2 5.2.1 5.2.1 5.2.2 5.3

Designation Synchronous start-stop distortion Gross start-stop distortion Minimum signal element Character interval requirement Average Minimum

Symbol

Unit %

Electronic timing I II 82) 10 1 3

[ Mechanical timing I Pl P2 / /
8 16 12 20

N<

P<

%

Q
R<
s

% UI
% UI
Char

90
8 2 16

98
-31 -31 -31 0.2

,
'

84
10
2 20 0,75

84
10 2 20 0.75

ransmitting DTE

: nominal reduced by : nominal reduced by

Averaged over Modulation rate accuracy

T< M<

% UI %

02

Signal quality category DTE Clause 6.1 6.1 6.1 Receiving DTE 6.2 612.1 6.2.1 6.2.2 6.3 Designation Synchronous margin Practical margin Minimum signal element Character interval requirement Average Minimum Symbol lJ> v> Unit % % Electronic timing A 8 40 40 Mechanical timing PA PB 38 33 25

:

30
30
25

W
X s Y z

% UI
% UI Char % UI % UI

30
20 2 40 60

30
20 2 i(:

34
25 2 ;

: nominal reduced by : nominal reduced by

Averaged over Minimum duration start element

I

2

II When categorizing signal quality of DTEs using the table, modulation rate, character interval, operating mode, and environmental conditions may be indicated for completeness. 2) Upon revision of this International Standard it is intended to reduce this value to 5 % and to make corresponding changes to the values of I' and Q. 3) The character interval requwement cannot be determined from present CCITT recommendations. This point is for further study.
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Annex Signal quality at asynchronous transmission interfaces Mathematical relationship between signal quality parameters
(This annex is not an integral part of the standard.)

4n order to~assist users in interpreting mathematical Several relationships that exist.

the various measurements

indicated

in this International

Standard,

attention

is drawn

to certain

of the parameters

listed in the table can be derived from the others as follows.

A.1 -

For transmitting Synchronous Modulation

equipment start-stop

the two fundamental

parameters

:

distortion,

h`, ITU 33.10 and 52.65

rate accuracy,

M, ITU 31.27
distortion,

can be used to derive gross start-stop The reductions in character interval,

P, minimum

signal element,

Q, and character

interval requirements. in continuous start-stop

minimum,

7, and average,

R,.in electronically rate accuracy

timed systems operating and is independent

mode shall be related to the cumulative S, over which it is averaged.

clock error due to modulation

of the number of characters,

A.l.l

Gross start-stop

distortion,

P, is given by

P = (N + n/WI
where N M n is the synchronous is the modulation is the number start-stop distortion;

rate accuracy; in the character.

of elements

A.1.2
~Q = where

Minimum 1100 -

signal element, 2N)

Q, is given by

% of unit interval start-stop distortion. the minimum signal element Q in the table, is not necessarily the worst-case value. This is

N is the synchronous

The value of N chosen to determine
that the corresponding maximum

because the worst case is when the leading and trailing edges are distorted distortion

in opposite directions,

and it is considered

to be unlikely

values will occur at the same time.

A.2
which

For receiving equipment, is given by the formula

the fundamental

parameter

synchronous

margin,

U, can be used to derive the practical margin,

V,

Y=U-nM
where U M n is the synchronous is the modulation is the number margin; rate accuracy (of the transmitter);

of elements

in the character.

12
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